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(54) Gray scale expression method and gray scale display device 

(57) In order to restrict a degradation of image qual- 
ity due to fake contours of moving images, gray scale is 
displayed by dividing one field period into sub-fields and 
combining the sub-fields including a plurality of sub- 
fields weigtrted sucti that a light intensity of a certain 
one of the plurality of the sub-fieids is smaller than two 
times a light intensity of a lower sub-field adjacent to the 
certain sub-field and larger than the light intensity of the 
lower sub-field. Further, a light intensity information 
code converter circuit responsive to binary numbers 
expressing weights of light intensities of the plurality of 
the sub-fields for outputting a light intensity irrformation 
expressing weights in a range satisfying a condition that 
a light intensity of a certain one of the plurality of the 
sub-fields is smaller than two times a light intensity of a 
lower sub-field adjacent to the certain sub-fiekl and 
larger than the light intensity of the lower suk>field. 
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Description 

BACKGROUND OF THE iNVENTlON 

The present invention relates to a gray scale 
expressiort method for use in a display device and, par- 
ticularly, to a gray scale expression method adequate to 
suppress pseudo contours of moving images in dsplay- 
ing gray scale on a flat type display device such as 
plasma display panel and a gray scale display device 
using the same method. 

In general, a plasma display panel (referred to as 
"PDF", hereinafter) has many merits such as thin struc- 
ture, free from flicker, large cJi^iay contrast ratio, possi- 
bility of providing a relatively large screen, high 
response speed and possibility of mufti-color emission 
by utilizing fluorescent material of self emission type, 
etc., and, recentiy, its use in such fields as display 
devices related to computer and color image di^lay is 
becoming popular. 

The PDF can be classified, according to an opera- 
tion system thereof, to an AC discharge type in which 
electrodes are coated with dielectric material and are 
operated in an indirect AC discharging state and a DC 
discharge type in which electrodes are exposed in a dis- 
charge space and operated in a direct discharge state 
The AC discharge type FDP is further classified, 
according to a drive systern. to a memory operation type 
which utilizes a discharge cell memory and a refresh 
operation type which does not utilize such memory. Inci- 
dentally, light intensity of the PDF is substantiafly pro- 
portional to a discharge frequency, that is, a repetition 
frequency of pulse voltaga Since light intensity of the 
refresh type PDF is lowered when its display capacity 
becomes large, the refresh type PDF is mainly used for 
small di^lay capacity. 

Rg. 1 4 is a cross section of an example of the A.C. 
discharge memory operation type PDF. showing a con- 
struction of a display cell schematically. The dsplay ceil 
a rear insulating substrate 1 and a front insulating sub- 
strate 2. botii of which are of glass, a transparertt scan 
elect-ode 3 formed on an inner surface of the front insu- 
lating substrate 2, a trarsparent sustaining electrode 4 
also formed on the inner surface of the front insulating 
substrate 2. trace electrodes 5 and 6 formed on sur- 
faces of the scan electrode 3 and the sustaining elec- 
trode 4 in order to reduce electrode resistances, 
respectively, a data electrode 7 formed on an inner sur- 
face of the rear insulating substrate 1 perpendicularly to 
the scan electi'ode 3 and the sustaining electrode 4, a 
discharge gas space 8 provided between the insulating 
substrates 1 and 2 and filled witii a discharge gas such 
as helium, neon or xenon or a mixture of them, partition 
walls 9 for maintaining the discharge gas space 8 and 
partitioning between display cells, a fluorescent material 
1 1 for converting ultra-violet ray geno-ated by a dis- 
charge of tiie discharge gas in tiie space 8 into a visit)ie 
light 10, a dielectric member 12 covering the scan elec- 



trode 3 and tiie sustaining electrode 4. a protective layer 
13 formed of magne^um oxide, etc., for protecting the 
dielectric member 12 against discharge and a dielectric 
member 14 covering the data electrode 7. 

5 A discharge operation of a selected display cell will 

be desaibed with reference to Rg. 14. When a dis- 
charge \s started by applying a pulse voltage exceeding 
a discharge threshokj value across tiie scan electrode 3 
and tiie data electrode 4, positive and negative electric 

10 charges are attracted to the respective dielectric mem- 
bers 12 and 14 and accumulated thereon conrespond- 
ingly to the polarity of tiiis pulse voltage. Since an 
internal voltage equivalent to the accumulated charge, 
that is. the wall voltage, has a polarity opposite to the 

75 polarity of ttie pulse voltage, an effective voltage within 
the cell is lowered witii growth of discharge and it 
becomes impossible to sustain the discharge even 
when the pulse voltage is kept constant. Thus, the dis- 
charge is ultimately stopped. Thereafter, when a sus- 

20 taining pulse which is a pulse voltage having the same 
polarity as that of the wall voltage is applied across the 
scan electrode 3 and the sustaining electrode 4, it is 
possible to discharge even if the voltage amplitude of 
the sustaining pulse is small, since tiie wall voltage 

25 added to the sustaining pulse voltage as an effective 
voltage, resulting in a drive voltage exceeding the dis- 
charge threshold value. 

Therefore, it t)ecomes possiljle to maintain dis- 
charge by continuously applying ttie sustaining pulse 

30 across the scan electrode 3 and the sustaining elec- 
trode 4. This function is the above mentioned memory 
function. Further, it is possible to stop tiie sustaining cfis- 
charge by applying a low voltage pulse having large 
width or an erase pulse having a smafl width similar to 

35 the sustaining pulse voltage across the scan electrode 3 
and the sustaining electrode 4 such tiiat the wall voltage 
is neutralized. 

Rg. 15 shows conventional drive waveforms such 
as disclosed in SOCIETY FOR INFORMATION DIS- 

40 FUKY INTERNATIONAL SYMPOSIUM DIGEST OF 
TECHNICAL PAPERS VOLUME XXVI, pp807. for driv- 
ing a plasma cfisplay panel having a structure such as 
shown in Rg. 16. 

The pane! shown in Rg. 16 is for a dot matrix cfis- 

46 play panel including j (column electrodes) x k (line elec- 
trodes). That is. the panel includes scan electrodes Sc1 . 
Sc2. • • • . Scj and sustaining electi*odes Sul , Su2, 
• • Suj arranged in parallel to the respective scan 
electrodes, as the column electrodes and data elec- 

50 trodes D1, D2, • • - , Dk arranged perpendicularly to 
each of the column electrodes, as the line electrodes 

In Rg. 15, a sustaining electrode drive waveform 
Wu applied conrunonly to tiie sustaining electrodes Su1 . 
Su2, • ' • , Suj. scan electrode drive waveforms Wsl , 

55 Ws2, • • • , Wsj applied to tiie respective scan elec- 
ti*odes Scl. Sc2. • • • , Scj and a data electrode drive 
waveform Wd applied to the data electrode Di are 
shown, where 1 ^ i ^ k A drive period includes a prelim- 
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inary discharge period A, a wnrite discharge pericxl B 
and a sustaining discharge pericxJ C and a desired 
image display is obtained by repeating the drive period. 

The preliminary discharge period A includes a pre- 
liminary discharge pulse Pp for discharging all of the s 
display cells of the PDP panel 15 and preliminary dis- 
charge erase pulses Ppe for extinguishing charges 
among the wall charges produced by the application of 
the preliminary discharge pulse, which impedes the 
write discharge and the sustaining discharge. In the pre- 10 
liminary discharge period A, active particles and the 
wall charges which are necessary to obtain a stable 
write discharge characteristics in the write discharge 
period B are produced in the discharge gas space. 

In the sustaining discharge period C. in order to is 
obtain desired light intensity of the display cells which 
are subjected to the write discharge in the write dis- 
charge period B, the discharges of the display cells are 
sustained. 

In the preliminary discharge period A. the prelimi- 20 
nary discharge pulse Pp is supplied to the sustaining 
electrodes Su1, Su2. • • • , Suj to discharge all of the 
display cells. Then, the erase pulses Ppe are applied to 
the scan electrodes Sc1. Sc2, • • Scj to produce 
erase discharges therein to thereby erase the wall 
charges accumulated by the preliminary discharge 
pulse. 

Thereafter, in the write period B. the scan pulse Pw 
is applied to the scan electrodes Scl. Sc2, • * • , Scj in 
line-sequence and the data pulse Pd is selectively 
applied to the data electrodes Di correspondingly to 
video display data, to produce discharges in the display 
ceils to be displayed to thereby produce the wail 
charges. 

Rnally, in the sustaining discharge period C. the 
discharges of only the display cells in which the write 
discharges occur are sustained by the sustaining pulses 
Pc and Ps. completing a light emitting operation of the 
whole PDP panel. 

A conventional sub-field display scheme for 64 gray 
levels, in which the scanning and sustaining drives are 
performed separately arxJ which is utilized in an AC 
color plasma display, will be briefly described with refer- 
ence to Fig. 17(a). One TV field which is usually in the 
order of one-sixtieth second (about 16.7 ms) at which 
flicker is negligible is divided into 6 sub-fields SF1 - SF6 
as shown in Rg. 17(a), each sub-field consisting of a 
scan period and a sustaining period. 

In the scanning period of the sub-field SF1 of the 
sub-fields SF1 - SF6. the write operation is performed 
for the respective pixels on the basis of display data of 
B5 which is the most significant bit number. After the 
write operation for the whole PDP panel completes, the 
sustaining discharge pulse is applied to the whole panel 
to emit light from only the written pixels. Then, the same 
drive is performed in the sub-field SF5. and so on. In 
order to obtain sufficient amount of light emission in the 
sustaining discharge periods of the respective sub- 



299 A1 4 

fields, the sustaining pulse is applied, for example. 256 
times in the sub-field SF6, 128 times in the sub-field 
SF5, 64 times in the sub-field SF4. 32 times in the sub- 
field SF3. 16 times in the sub-field SF2 and 8 times in 
the suthfield SF1. 

The above mentioned operation is basically the 
same as that shown in Rg. 17(b) which shows another 
conventional sub-field display scheme of a mixed scan- 
ning/sustaining drive type in which the write/erase scan- 
ning and the sustaining discharging are performed 
simultaneously or of a mixed drive type in which the 
scanning/sustaining are performed across adjacent 
sub-fields. Such sub-fieid scheme has to be employed 
due to the necessity of modulation of intensity of emitted 
light with the number of light emissions or the light emit- 
ting period and. in order to scan a plurality of times in 
each sub-fieid necessarily, the sub-field scheme 
requires a high speed scan and write operations within 
a short time. However, with the recent improvement of 
the write performance of the plasma display panel, a 
high speed write operation has become possible even 
at 3 microseconds or shorter and a full color display with 
256 gray levels has been realized by using an 8 sub- 
field system. 

25 Although such sub-field system is adequate to dis- 
play still images, it has been found that disturbances of 
gradation are often observed when displaying moving 
images, dependent on image. For example, in a case 
where an image such as a human cheek having a slow 
30 Spatial variation of gray levels moves on a display 
screen, pseudo contours which are darker or brighter or 
different in color from that of the cheek may appear on a 
portion of the cheek which is to be a smooth image. Fur- 
ther, there may also occur color separation or reduction 
35 of resolution. Such pseudo contours or gradation distur- 
bances of moving images are very conspicuous in 
boarder regions of a smootiiiy varying gradation where 
gray levels jump up to higher bits, resulting in substan- 
tial degradation of display quality and image quality. 
4C Rg. 18 shows a portion of gradation realized by 
combinations of 8 sub-fields SF1 - SF8 weighted 
respectively by light intensities 128. 64. 32, 16. 8. 4. 2 
and 1 corresponding to respective binary numbers each 
consisting 8 bits B7, B6. B5, B4. B3. B2. B1 and BO. By 
45 combining these sub-fields, it becomes possible to dis- 
play 256 gray levels. That is. tiie light intensity of each of 
tiie 256 gray levels of each pixel can be realized by a 
binary number of 8 bits, B7 - BO. Images are sequen- 
tially displayed by tiie sub-fields SF1 - SF8 whose 
so existence or absence of light intensities 1 28, 64. 32. 1 6. 
8. 4, 2 and 1 is represented by binary numbers of the 
bits B7 - BO, resulting in a natural image expressed by 
intermediate gray levels obtained by the integration 
effect of human eyes. 
55 In Rg. 18. particularly, in a case where light inten- 
sity is varied by one gray level from 127 to 128, values 
of all of B6 to BO are changed from "1 " to "O" and a value 
of B7 is changed from "0" to "1 Therefore, when a PDP 
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is activated in time from the lowest sub-field SF1 to the 
highest sub-field SF8 in the order, the light emitting 
period is substantially changed from a former half por- 
tion of a field to a later half thereof, resulting in the 
pseudo contours of moving images. 

In order to solve this problem, a number of methods 
have been proposed. In Takigawa. TV Display by AC 
Plasma Panel", the journal of Electronics & Communi- 
cations Association of Japan. T7Nol J60-A. No. 1 , pp. 
56 to 62, it is described that it is effective to arrange sub- 
fields such that an average of light intensity within a time 
corresponding to one field becomes small at times pre- 
ceding and succeeding to a shift-up or shift-down of bit 
and, in a case of display with 5 bits. VnsX is. in 32 gray 
levels, a sub-field arrangement of SF3. SF2, SF1. SF5. 
SF4 with a light emitting period of higher bit being 
arranged in a center portion is effective to suppress 
pseudo contours of moving images. Further, it is also 
effective for the same purpose to reduce a display time 
within one field and. according to experiments con- 
ducted by him. a good display is realized by shortening 
the display period to one fourth of one field in the above 
sub-field arrangement. 

Further, in A. Kohgami. "Gray Scale Display Sys- 
tem of TV using Memory Type Gas Discharge Panel". 
Technical Report of Electronic Information Communica- 
tions Assodation of Japan. EID90-9. 1990. it is 
described tfiat pseudo contours of moving images can 
be improved by making a time interval from a first bit of 
a field to a last bit of a succeeding field within 20 milli- 
seconds corresponding to a critical flicker frequency of 
human visual organ. Kohgami also describes that such 
time interval of 20 milliseconds or shorter can be real- 
ized by not arranging sut>f iekJs throughout one field but 
arranging them dense in one side portion of the field 
similarly to the above mentioned Takigawa method. 

Kohgami further describes that the above condition 
can also be satisfied by dividing and arranging high sig- 
nificant bits having long light emitting period. In a case 
of a d-bit display, it is possible to realize the time of 18.8 
milliseconds from the first bit of one field to a last bit of 
a next field by dividing the most significant bit B7 by 2 to 
obtain sub^iekJs SF8-1 and SF8-2. dividing a next sig- 
nificant bit B6 by 2 to obtain sub-field SF7-1 and SF7-2 
and arranging the sub-fields SF8-1 . SF8-2. SF7-1 and 
SF7-2 thus obtained discretely to constitute one field 
consisting of 1 0 sut>-fieids arranged in the order of SF7- 
1. SF8-1. SF1. SF2, SF3, SF4. SF5. SF6, SF7-2 and 
SF8-2, resulting in improved gray scale expression of 
moving images. 

It should be noted that, in the present invention, the 
expression generally used in the field of the information 
processing is used such that the least sigruficarrt bit, n- 
th significant bit and tiie lowest sub-field are expressed 
by BO. Bn-1 and SF1. re^ectively. afthough. in Koh- 
gami, the most significant bit of a binary number repre- 
senting tiie weight of light intensity is made B1 and the 
most significant sub-field con-esponding thereto is made 



SF1. 

There are other proposals for improvement on the 
contour disturt>ances of moving images by means of 
optimization of the arrangement of sut)-fields. In Japa- 

5 nese Patent Application Laid-open Na H3-1 45691, a 
sub-field of a bit next to the most significant bit and a 
sub-field of a bit succeeding to the next bit are arranged 
on both sides of a sub-field of tiie most significant bit 
In Japanese Patent Application Laid-open Na H7- 

10 7702, a sub-field of the most significant bit is anrianged . 
in a center position and sub-fields of a next bit next to 
the most significant bit and a bit next to the next bit are 
arranged in opposite ends of a field which is separated 
in time from the sub-field of the most significant bit so as 

15 to disperse these sub-fields as far as possible. 

Further, in Japanese Patent Application laid-open 
No. H7-271325, for 64 gray levels, pseudo contours of 
moving images, which occur when light intensity 
weighted with binary number is shifted up, is slightly 

20 suppressed by pr^aring three sub-fieids (SF4-1, SF4- 
2. SF4-3) each of light irrtensity level of 8 and two sub- 
fielcte (SF5-1, SF5-2) each of light intensity level of 16 . 
and. in displaying a light intensity in a range from light 
intensity level 18 to 23 and a range from light intensity 

25 level 48 to 55. producing gradation by switching 
between a first su!>field arrangement in which SF4-1 is 
selected and a secorxJ sub-field arrangement in which 
SF4-2 is selected, every scan line or every pixel. 

Further, in K. Toda, et al., "A Modified-Binary- 

30 Coded Light-Emission Scheme for Suppressing Gray 
Scale Disturbances of Moving Images", ASIA DISPLAY* 
95, October 17, 1995. pp. 947 to 948. a sut>-fie!d con- 
struction is proposed in which, for 256 gray levels, two 
sub-fields each weighted with a binary number corre- 

35 spending to light intensity of 48 are arranged on each 
side of 6 sub^elds weighted with binary numbers corre- 
sponding to light irrtensty level of 1, 2, 4, 8. 16 and 32. 
respectively. Although the proposed sub-field arrange- 
mem substantially relaxes time variation in shift-up 

40 operation of bits, there are problems that it requires a 
number, as large as 10, of sut>-fields for 256 gray levete 
and there is no suppression effect of pseudo contours of 
moving images with gray level change from light inten- 
sity of 31 to 32. This is because the proposed sub-field 

45 arrangement is based on the dispersion of light irrtensity 
from the upper sut>fields and an information which can 
be expressed by 10 bits is not utilized effectively. 

Among the conventional techniques mentioned 
hereinbefore, the method utilizing the optimization of 

so the sequence of sub-fields is not sufficient for a high 
quality video image display since pseudo contours of 
moving images is not suppressed enough. Further, in 
order to obtain a sufficient suppression effect for tiie 
pjseudo contours of moving images, it is necessary in 

55 the metiiod in which the field time or display period ^ 
shortened or a number of sut>-fields are divided to sub- 
stantially shorten the scan period. This requirement can 
be satisfied by a plasma display having a display capac- 
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itance which is small enough to allow a sufFidently long 
scan period. However, a multilevel display of moving 
images Is desired by a display having rather large dis- 
play capacitance and it is difficult to drive such display 
with further substantial reduction of scan period. 5 

That is. pseudo contours of moving images occur 
due to unevenness of shift time in shifting up by one 
gray level in the gray scale display method for displaying 
gray scale by combining a plurality of sub-fields light 
intensities of which are weighted by binary numbers. 10 
Conventionally, such unevenness of shift time is dis- 
persed by employing special sut>field arrangement or 
division of upper sub-fields However, there Is no proce- 
dure taken to completely remove the time variation 
which is the cause of pseudo contours of moving 15 
images and. therefore, the effect of conventional 
method is limited. The time unevenness resides in the 
sub-field method using weighting light intensity with 
binary numbers and. unless this is solved, the problems 
inherent to the conventional methods can not be solved. 20 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
gray scale display method capable of substantially sup- 25 
pressing pseudo contours appearing in moving images 
and a gray scale display device for performing tiie same 
method. 

In order to achieve the above object, according to 
the present invention, a gray scale display method for 30 
displaying gray scale by dividing one field period into 
subfields and combining the sub-fields, is featured by 
including a plurality of sub-fields having light intensity 
levels, a difference in light intensity level between two of 
the plurality of the subfields which are adjacent in light 35 
intensity level is substantially a constant value. 

Further, a gray scale display device according to 
the present invention for performing the gray scale dis- 
play method tor displaying gray scale by dividing one 
field period into sub-fields and combining the sub-fields 40 
is featured by comprising a light intensity information 
converter circuit which, in response to a light irrtensity 
information of sub-fields having lighrt intensities 
weighted by binary numbers and tfie binary numbers 
consisting of a plurality of bits expressing weights of 45 
light intensities of a plurality of sub-fields, outputs a light 
intensity information expressing weights with which a 
difference in light intensity b^ween two of the plurality 
of the sub-fields which are adjacent in light intensity 
level becomes substantially a constant value. so 

In the gray scale display method and the gray scale 
display device according to the present invention, a 
shift-up of light intensity is made only one bit by making 
light irrtensities of a plurality of sub-fields arranged in the 
light intensity order an aritiimetic progression. There- ss 
fore, the unevenness of time in shifting up the light 
intensity, which is the problem inherent to the sub-field 
arrangements in the conventional gray scale display 



method in which the ligfit intensities are weigfited by 
binary numbers, is substantially relaxed and. as a 
result, pseudo contours of moving images are sup- 
pressed sul>stantially. 

Further, since, according to the present invention, 
pseudo contours of moving images can be suppressed 
by using only one or two sub-fields additionally, it is-pos- 
sible to reduce power consumption of the gray scale dis- 
play device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F=1g. 1 is a table for explaining a gray scale display 
method according to a first embodiment of the 
present invention; 

Rg. 2 is a timing chart of sub-fields according to the 
first emtxxliment of the present invention; 
Rg. 3 is a table for explaining a gray scale display 
method according to a second embodiment of the 
present invention; 

Rg. 4 is a table for explaining a gray scale display 
method according to a third embodiment of the 
present invention; 

Rg. 5 is a table for explaining a gray scale display 
method according to a fourth embodiment of the 
present invention: 

Rgs. 6 and 7 are a table for explaining a gray scale 
display method according to a fifth embodiment of 
the present invention; 

Rg. 8 is a block diagram showing a gray scale dis- 
play device according to tiie present invention; 
Rgs. 9 and 10 are a table for explaining a gray scale 
display method according to a sixth embodiment of 
tiie present invention; 

Rgs. 11(a) to 11(d) are tables for explaining sub- 
fields based on a seventh embodiment of the 
present invention; 

Rgs. 12(a) to 12(d) are tables for explaining sub- 
fields based on an eighth embodiment of the 
present invention; 

Rg. 13 is a disassembled perspective view showing 

a structure of a plasma display panel (PDP) used in 

the embodiments of the present invention; 

Rg. 14 is a cross section showing a construction of 

one of display cells of an AC memory type PDP; 

Rg. 1 5 shows waveforms in various portions of a 

conventional PDP drive circuit; 

Rg. 16 is a plan view showing an electrode 

arrangement of the AC memory type PDP; 

Rgs. 1 7(a) and (b) show a conventional sub-field 

system for gray scale display; and 

Rg. 18 is a table for explaining a corrventionai gray 

scale display method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of tiie present invention will 
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be dascrib^ in detail with reference to the drawings. 

Rg. 13 shows a plasma display panel for 640 x 480 
color image display. On a lower surface of a glass sub- 
strate 1 on a display side, plane discharge electrodes 62 
formed from transparent electricaJiy conductive fOms s 
each laminated with a metal bus electrode are formed 
and. on lower surfaces oi ttie surface discharge elec- 
trodes 62. a dielectric layer 12 is fdrmed. Further, on a 
lower surface of the dielectric layer 12. a black colored 
and lattice shaped partition wall 64 defining pixels is io 
formed. 

On an upper surface of a glass substrate 2 on a 
rear side, data electrodes 7 extending perpencficularly 
of the plane discharge electrodes, a white colored giaze 
layer 67 and white colored, parallel partition walls 68 is 
having parallel grooves between adjacent ones thereof 
are formed in the order. A width of the groove between 
adjacent ones of the partition walls 68 is substantially 
equal to a distance between adjacent ones of lattices of 
the partition wall 64 in one direction. Inside surfaces of 20 
the grooves of the partition walls 68 are painted with a 
fluorescent material 11 which is capable of emitting 
three primary colors. 

The pane! is completed by assenr^ling the above 
mentioned componerrts and filling a space between the 2S 
glass substrates 1 and 2 with a discharge gas consist- 
ing of helium (He), neon (Ne) and xenon (Xe). The 
number of the data electrodes 7 is 1 920 and the number 
of the surface discharge electrodes 62 is 480 each con- 
sisting of a scan electrode and a sustaining electrode. 30 

Scan pulses are applied to the scan electrodes 
sequentially and data pulses are applied to the data 
electrodes 7 selected in synchronism with the applica- 
tion of the scan pulses. After this line-sequential scan is 
performed throughout the panel, a sustaining discharge 3S 
is performed throughout the panel surface, resulting in a 
color light emission. A display of a moving image having 
gray levels is performed by performing this operation in 
a pluralrty of sub^ields correspondingly to digitized gray 
scale data in a field period of 1/60 seconds. 40 

Fig, 1 is a table showing a gray scale display 
method according to a first embodiment of the present 
invention. The table shown in Rg. 1 shows cornbina- 
tions of 9 sub-fields SF1 to SF9 obtained by dividing 
one field, which express respective 256 gray levels. 4S 
Although, in the exeunple shown in Rg. 1, only upper 
sub-fields SF5 to SF9 are shown, it should be noted that 
light intensities of lower sub-fields SF1 to SF4 are 
weighted with usual binary numbers as in the case 
shown in Rg. 18. That is, the sub-fields SF1 . SF2. SF3 so 
and SF4 are weighted to light intensities 1 . 2, 4 and 8 
correspondingly to bit numbers BO, B1. 82 and 83. 
respectively. Light intensities in a range from 0 to 15 are 
expressed by combining these four sub-fields SF1. SF2. 
SF3 and SF4. ss 

In this emtxxJiment light intensity weights of 16. 32, 
48. 64 and 80 corresponding to the bits 84. 85. 86. 87 
and 88 are assigned to the tpper five sub-fields SF5. 
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SF6. SF7. SF8 and SF9, respectively. That is. these 
sub-fields are weighted in an arithmetic progression 
having constant, that is, a difference in light intensity 
between adjacent sub-fields, of substantially 16. 

In concrete, light intensity of the fifth sub-field SF5 
is 16. that of the sixth sub-field SF6 is 32 obtained by 
adding the constant of 16 to the light intensitywOf the 
sub-field SF5. that of the seventh sub-field SF7 is 48 
obtained by adding the constant of 16 to the light inten- 
aty of 32 of the sub-field SF6, that of the eighth sub^ield 
SF8 is 64 obtained by adding the constant of 16 to the 
light intensity of 48 of the sub-field SF7 and that of the 
ninth sub-field SF9 is 80 obtained by adding the con- 
stant of 16 to tiie light intensity of 64 of the sub-field 
SF8. Further, the gray scale corresponding to the con- 
stant of 16 is expressed by the lower sub-fields SF1 to 
SF4, so that a continuous gray scale is expressed with- 
out any discontinuity, together with tiie upper sub-fields. 

Therefore, the change of light emitting period when 
the light intensity is dianged by one gray level from level 
63 to level 64, from level 127 to level 128 and from level 
1 91 to level 1 92 which is a problem when the light inten- 
sity is conventionally weighted with binary numbers cor- 
responds, in this embodiment to a mere shift of the light 
emission in a certain sub-field to another sut>-f ield adja- 
cent thereto. That is, in this enrixxiiment the change of 
light intensity from 63 to 64 con-esponds to the mere 
shift of light anission in the sub-field SF6 to the adja- 
cent sub-field SF7. 

Further, tiie change of light intensity from 127 to 
128 with which tiie maximum pseudo contours of mov- 
ing images occurs can be realized by merely shifting 
light emission in the sut>-f ield SF6 to tiie sub-field SF7. 
Further, the change of light intensity from 191 to 192 
can be realized by the mere shift of light emission in the 
sub-field SF7 to the sub-field SF8. Although the 
changes of light intensity in the lower four sub-fields are 
the same as those in tiie conventional technique, these 
changes can be negligible since the light emitting peri- 
ods of the lower tour sub-fields are very short. 

As described, when the weighting of the respective 
upper sub-fields Is determined such that the light inten- 
sities thereof becomes an arithmetic progression, the 
change in the case of shift-up of the upper sub-field is 
only one level and it is possible to determine a hamming 
distance at the one level change as 1. Further, redun- 
dancy of irtfonmation is increased and one light intensity 
can be expressed by one of a plurality of combinations 
of the bits 84 to 88. Rg. 1 shows a first group of expres- 
sions, a second group of expressions and a third group 
of expressions. Although tiie light intensities from 0 to 
47 and the light intensities from 208 to 255 can be 
expressed by only the first group of expresaons. the 
light intensities from 48 to 79 and tiiose from 1 76 to 207 
can be expressed by either of the first group of expres- 
sions or the second group of expressions and the light 
inter^ities from 80 to 175 can be expressed by any of 
the first, second and tiiird groups of expressions. The 
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first group of expressions of the light intensities from 48 
to 207. which can also be expressed by the second 
and/or third groups of expressions, are selected such 
that the upper change is smaller than those of the 
expression "01 000" of the light intensities from 32 to 47 5 
as well as the expression **101 1 r of the light irrtensitres 
from 208 to 223. Therefore, it is clear from Rg. 1 that the 
change of sub-field at the level change can be made 
smaller and the contour degradation of moving images 
can be restricted. Iricidentally. it is possible to select 10 
expressions from the second and third groups whose 
changes of light intensities at tiie level changes are not 
so different from those of the first group of expressions. 

Further, it is possible to arrange the lower sub-fields 
SF1, SF2, SF3 and SF4 having light intensities is 
weighted by binary numbers in not only the increasing 
order but also the decreasing order, or to disperse them 
on both sides of the upper sub-fields from SF5 to SF9 or 
concentrate them in the center. 

Further, it is possible to divide each of some upper 20 
sub-fields by two and arrange these sub-fields symmet- 
rically in time. For example, it is possible to further 
reduce the gravity center shift at the level change to 
thereby substantially suppress pseudo contours of mov- 
ing images by dividing the SF8 having light irrtensity 25 
weighted by 64 and tiie sub-field SF7 having light inten- 
sity weighted by 48 into sub-fields SF8-1 and SF8-2 
whose light intensities are weighted by 32 and sub- 
fields SF7-1 and SF7-2 whose light irrtensities are 
weighted by 24, respectively, and arranging these sub- 30 
fields in tiie order of SF7-1 , SF8-1 . SF9. SF8-2. SF7-2. 

Further, it is possible to suppress pseudo contours 
of moving images more effectively by suitably selecting 
the expressions of the first, second and third groups by 
means of pixels, scan lines, fields, frames, etc. 35 

The weighting of light intensities by tiie arithmetic 
progression has been described. However, even if the 
weighting is not performed with the exact constant of 
the arithmetic progression, substantially the same effect 
can be obtained when a light Intensity of a sub-field is ^ 
within a range from a value smaller than two times a 
light intensity of a lower sub-field adjacent to the sub- 
field to a value exceeding the light intensity of the lower 
sub-field. 

Rg. 2 is a time chart of tiie sub-fields shown in Rg. 45 
1 . Each sub-field consists of a scan period for which 
data for determining whether or not the sub-field is to 
emit light with a weight of its light intensity is written in 
respective pixels and a sustaining period for emitting 
light from the panel on the basis of tiie written data. A so 
time of one field composed of tiie sub-fields SF1 to SF9 
is usually 1/60 seconds, that is. 16.7 milliseconds. 

In tiiis example, the sub-fields are arranged first 
from the lowest sub-field SF1 to the highest sub-fieid 
SF9 along a time axis. However, the same effect can be ss 
obtained by arranging them in a reverse drection. Fur- 
ther, in the lower four sub^ields SF1 to SF4. ttie order of 
the sub-fields SF3 and SF4, SF2 and SF4 or SF2 and 



SF3 can be reversed. With such reversed arrangement 
of the specific sub-fields, the time unevenness at the 
shift-up time of the lower sub-fields is more relaxed and 
the suppression effect of pseudo contours of moving 
images becomes large. 

Rg. 3 is a table showing combinations of sub-fields 
according to a second embodiment of the gray .scale 
display method according to the present invention. In 
this embodiment, the fight intensities of the lower four 
sub-fields SF1 to SF4 are weighted with usual binary 
nurrtDers as in the case shown in Fig. 1. That is, the light 
intensity of the lowest first sub-field SFI is 1 . that of the 
second sub-field SF2 is 2 which is twice tiie light inten- 
sity of the first sub-field SFI. that of the third sub-field 
SF3 is 4 which is twice the light intensity of the second 
sub-field SF2 and that of the fourth sub-field SF4 is 8 
which is twice the light intensity of the third sub-field 
SF3, although tiie lower suthfields SFI to SF4 having 
light intensities weighted with the binary numbers are 
omitted from Rg. 3. A difference of Fig. 3 from Rg. 1 is 
that all of the sub-fields in Fig. 1 except the most signif- 
icant sub-field SF9 are used to express 176 gray levels 
from light intensity 0 to light intensity 1 75. Since the light 
intensities of the upper sub-fields SF5 to SF8 are 
weighted such that they are in arithmetic progression 
having a constant 16 as in the case shown in Rg. 1. a 
shift-up of one level of a sub-field is a shift to a sub-field 
adjacent thereto. As a result, the time unevenness at 
the shift-up time of the lower sub-fields is relaxed and 
pseudo contours of moving images is substantially sup- 
pressed. 

Rg. 4 is a table showing combinations of sub-fields 
based on a third embodiment of tiie gray scale display 
method according to the present invention. In this 
embodiment, in order to relax the unevenness of time at 
tiie shift-up of a lower sub-f ietei, the sub-fields SFI . SF2. 
SF3. SF4 and SF5 are assigned to light intensities 1 , 2. 
3, 7 and 8. respectively. Therefore, as shown in Rg. 4. 
the change of light intensity level by one level from the 
light intensity 15 to tiie light intensity 16 is realized by 
merely shifting light emission of the sub-fields SF4 and 
SF5 to tiie sub-field SF6 (corresponcte to the sub-field 
SF5 in Rgs. 1 and 3) weighted to light intensity of 16. 

Rg. 5 is a table showing combinations of sub-fields 
based on a fourtii embodiment of the gray scale display 
metiiod according to tiie present invention. In this 
embodiment, in order to relax the unevenness of time at 
tiie shift-up of a lower sub-field, tiie sub-fields SF1 , SF2. 
SF3, SF4 and SF5 are assigned to light intensities 1 , 2. 
3, 7 and 8, respectively. Therefore, as shown in Fig. 5, 
the change of light irrtensity level by one level from the 
light intensity 7 to the light intensity 8 is realized by 
merely shifting light emission of the sub-field SF4 to the 
sub^ield SF5. Further, tiie change of light intensity by 
one level from tiie light intensity 1 5 to light intensity 1 6 is 
realized by merely shifting the light emission of tiie sub- 
fields SFI. SF4 and SF5 to tiie sub-field SF6 (corre- 
sponds to tiie sub-field SF5 in Rgs. 1 and 3) weighted 
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to light intensity of 16. In this manner, it is possible to 
suppress the contour degradation of moving images by 
weighting the lower sub-field. 

Rgs. 6 and 7 show a table of combinations of sub- 
fields for expressing 222 gray levels, according to a fifth s 
emtKxjiment of the present invention. In this embodi- 
ment, the weighting is performed such that the least sig- 
nificant bit BO is 1 . a first bit B1 is 2 and an i-th bit Bi is 
(Bi - 1) + (Bi - 2) + 1). That is. as shown in f=ig. 6. the bits 
B2. B3. B4, B5. B6. B7 and B8 are weighted by 4. 7, 12. io 
20, 33, 54 and 88. respectively. With such weighting, a 
shift-up occurs in the i-th bit Bi when both (i - 2)-th bit Bi- 
2 and 0-1)-1h bit Bi-1 are shifted up from 1 by one level. 
That is, after the lower 2 bits become 1 . the shift-up 
occurs. In the conventional weighting with birrary num- 15 
bers showvn in Rg. 18. when all of (i-l)-th bit to the least 
significant bit are shifted up from 1 by one gray level, i- 
th bit becomes 1 and all of {i-1)-th bit to the least signif- 
icant bit are sut>stantialiy changed from 1 to 0. In this 
embodiment, however, only the lower 2 bits at most are so 
changed from 0 to 1 at the sfiifl-up time. Further, com- 
paring with the gay scale expression method shown in 
Rgs. 1.3.4 and 5. the change at the shift-up of the 
lower 4 bits is also restricted. Therefore, the variations 
of light emitting period when the change of light intensity 25 
at the shift-up time of the respective sub-fields can be 
substantially reduced and pseudo contours of moving 
images is substantially suppr^sed. 

Rgs. 9 and 1 0 show a table of combinations of sut>- 
fields for expressing 71 gray levels, according to a sixth 3o 
embodiment of the present invention. In this embodi- 
ment, the weighting of sut)-fields is performed such that 
the least significant bit BO is 1 , a fir^ bit BI is 2 and an 
i-tii bit Bi is (Bi - 1) -i- (Bi - 2) - (Bi - 3) + 1). That is, as 
shown in Rgs. 9 and 10, the bits B2. B3. B4. B5. B6 and 35 
B7 are weighted by 4, 6, 9, 12. 16 and 20. respectively 
Witii such weighting, a shift-up occurs in tiie i-th bit Bi 
when botii (i - 2)-th bit Bi-2 and (i-1)-th bit Bi-1 are 
shifted up from 1 by one level. Further, upon the shift- 
up, the i-th bit Bi is changed from 0 to 1 and, simuttane- 4o 
ously, the fH3)-th bit Bi-3 is also changed from 0 to 1 . 
That is, the shift-up occurs after the lower 2 bits are 1 
and the (Bi-3, Bi-2. Bi-1 . Bi) expressed by (0, 1 . 1 , 0) are 
expressed by (1, 0. 0, 1). In the conventional weighting 
with binary numbers shown in Rg. 18, the i-th bit 45 
becomes 1 when all of 0-1)-th bit to the least significant 
bit are shifted up from light intensity 1 by one gray level 
and all of (i-l)-th bit to the least significant bit are sub- 
starrtially changed from 1 to 0. In this embodiment how- 
ever, only the lower 2 bits at most are changed from 0 to so 
1 at the shift-up tima Further, since not only the i-th bit 
but also the (i-3)'th bit are changed to 1 simuttaneousty. 
it is possible to disperse the time variation of light inten- 
sity. Further, comparing witii the gay scale expression 
method shown in Figs. 1 . 3. 4 and 5. the change at the ss 
shift-up of the lower 4 bits is also restricted. Therefore, 
since the variations of light emitting period at the 
change of light intend at the shift up time of tiie 



respective sub-fielcte can be substantially reduced and 
dispersed with using this weighting as shown in Figs. 9 
and 10, pseudo contours of moving images is substan- 
tially suppressed. 

The weighting shown in Rgs. 9 and 10 has redun- 
dancy of information. Therefore, it is possible to .express 
one arid the same gray level by any of different ccides 
shown in a second or tiiird column shown in Rgs. 9 and 
1 0. For example, the gray level 15 can be expr^sed by 
any of three codes (01101000) in tiie first column. 
(11000100) in the second column and (00011000) in 
tiie third column, it is possible to select any one of these 
different expressions every pixel, every line or every 
frame. For example, it is possible to cause odd num- 
bered lines to light by using the codes in the first column 
and cause even numl>ered lines to light by using the 
codes in the second column, or to change the codes 
every frame. Upon such scheme, the time unevenness 
at the shift-up time of the lower sub-fields is relaxed and 
pseudo contours of moving images is substantially sup- 
pressed. 

Rgs. 11(a), 11(b), 11(c) and 11(d) show sub-field 
arrangements based on a seventh embodiment of the 
present invention. These sub-fields are featured by that 
upper sut>-fields expressing high light irrtensity are 
divided and the divided sub-fields are arranged on both 
sides of a sub-field expressing the highest gray level or 
a sub-field expressing a high gray level next to tiie high- 
est gray level. 

In the arrangement shown in Rg. 1 1(a). a sub-field 
having light intercity 48 corresponding to the sixth bit 
(B6) of the sub-field arrangement shown in Rg. 3 is 
divided into two sub-fields Similarly, a sub^ield having 
light intensity 32 corresponding to B5 is divided into two 
sub-fields having light intensity 16, a sut>-field having 
light intensity 16 corresponding to B4 is divided into two 
sub-fields having light intensity 8 and a sub-field having 
light irrtensity 8 corresponding to B3 is divided into two 
sub-fields having light intensity 4. The sub-fields (SF3. 
SF11), (SF4, SF10). (SF5. SF9) and (SF6, SF8) 
otrtained by dividing tiie sut>-flelds B6, B5. B4 and B3 
are arranged on both sides of the sub-field SF7 having 
light intensity of 64 corresponding to the highest bit B7. 
By arranging tiie divided sut>-fie!ds symmetrically on a 
time axis, the contour degradation of moving images 
caused by lighting and extinguishing the divided sub- 
fields is cancelled out so tfiat pseudo contours of mov- 
ing image is suppressed. 

The arangement shown in Rg. 11(b) differs from 
that shown in Rg. 11(a) in which tiie upper sub-fields 
are divided into to two sut>-fiekls, respectively, and the 
divided sub-fields are arranged on both sides, in that a 
sub-field of the bit 6 (B6) next to the most significant bit 
B7 is not divided and arranged in a center as the sut>- 
field SF7 having light intensity of 48 and tiie sub-fields 
SF6 and SF8 having light intensity of 32 and obtained 
by dividing the sub-field of the most significant bit B7 are 
arranged on tX3th sides of the undivided sut>field SF7. 
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According to the arrangement of sub-field shown in Rg. 
1 1 (b). pseudo contours of moving images caused by 
the divided sub-fields is cancelled out. so that the image 
quality is improved, similarly to the case shown in Rg. 
11(a)- 

Figs. 1 1 (c) and 1 1 (d) show sub-field arrangements 
in each of which divided sub-fields are arranged around 
non-divided sub-field, similarly to those shown in Figs. 
1 1 (a) and 1 1 (b) except that the sub-field SF9 of the bit 8 
is removed. 

Figs. 12(a). 12(b), 12(c) and 12(d) show sub-field 
an'angements based on an eighth embodiment of the 
present invention, in which the weight of the bit number 
B3 arranged in the 12-th sut>-fie!d (SF12) based on the 
seventh embodiment shown in Rgs. 11(a) to 11(d) is 
an-anged adjacent to the bit number B2 an-anged in the 
second sub-field SF2. With such arrangements, the var- 
iations of light emitting period when the change of light 
intensity at the shift up from the bit B1 to B2 is reduced 
compared with Fig. 12. so that the generation of the 
contour degradation of moving images on a dark screen 
can be suppressed. 

Rg. 8 is a block diagram of an embodiment of a 
gray scale display device of the plasma display panel 
(PDP) shown in Fig. 13. according to the present inven- 
tion. The data electrodes 7 of the PDP (Rg. 1 3) are con- 
nected to a data driver 71 . respectively The data driver 

71 supplies data pulses to the data electrodes 7 during 
the write scan period. 

The scan electrodes 3 of the PDP (Rg. 13) are con- 
nected to a scan driver 72. respectively. The scan driver 

72 supplies scan pulses to the scan electrodes to accu- 
mulate, together with the data pulses supplied to the 
data electrodes 7. the wall charge necessary for subse- 
quent light emission. 

On the other hand, the sustaining electrode 4 of the 
PDP. which is connected commonly to all of the display 
lines of the PDP. is connected to a sustaining driver 73 
such that the sustaining driver 73 supplies a sustaining 
pulse to the whole surface of the PDP. 

The data driver 71 , the scan driver 72 and the sus- 
taining driver 73 are controlled by a driver control circuit 
74. The driver control circuit 74 includes a data driver 
control circuit 75. a scan driver control circuit 76 and a 
sustaining driver control circuit 77. The data driver 71 is 
connected to the data driver control circuit 75. The data 
driver control circuit 75 takes display data signals {R7 - 
0, G7 - 0 and B7 - 0) input externally through a mem- 
ory control circuit 78. etc., in a frame memory 79 and 
supplies data to be selected from the frame memory to 
the data electrodes 7. 

TTie scan driver 72 is connected to the scan driver 
control circuit 76 and. responsive to a vertical sync sig- 
nal which is a signal for controlling a start of one field or 
one frame, drives the scan electrodes 3 sequentially 
and selectively The drive timing is determined by a tim- 
ing pulse generated by a timing control circuit 83 which 
operates in synchronism with the vertical sync signal. 



The RGB display data supplied externally is sup- 
plied to an inverse gamma correction circuit 81 in which 
it is corrected such that it matches with the light intensity 
characteristics of the plasma display panel. In a case of 

5 256 gray levels, the inverse gamma correction circuit 81 
is realized by using a Read-Only-Memory of 256 words 
each being 8 bits. TTie display data consisting of RGB 
each of 8 bits converted by the inverse gamma correc- 
tion circuit 81 is supplied to a light intensity information 

10 corwerter circuit 82. The light irttensity information con- 
verter circuit 82 responds to the RGB data expressing 
256 gray levels each being 8 bits to convert it into a dis- 
play data at least upper bits of which are weighted in 
arithmetic progression, for example, the bits shown in 

15 Rga 1 . 3 and 4 and supplies the display data through 
the memory control circuit 78 to the frame memory 79. 

The output of the light intensity information con- 
verter circuit 82 can be realized easily by using the 
Read-Only-Memory (ROM). For example, in the method 

20 shown in Rg. 1 . the light intensity information cortverter 
circuit 82 can be realized by using a ROM of 256 words 
each being 9 bits or more and. in the example shown in 
Rg. 3. the converter circuit can be realized by a ROM of 
256 words each being 8 bits. Even in a case where 

25 lower significant bits are weighted accoreling to the 
method shown in Rg. 4, it can be realized by a ROM of 
256 words each being 9 bits or 1 0 bits. 

Incidentally, when the light intensity information is 
converted in parallel with respect to the RGB signal cor- 

30 responding to red. green and blue, the nunr±)er of 
ROM's required becomes three times. 

Although, in the example shown in Rg. 8, the light 
intensity information converter circuit 82 is provided 
after the inverse gamma correction circuit 81. it may be 

35 provided after the frame memory 79. In the tatter case, 
there is no need of increasing the number of bits of the 
frame memory 79. 

Further, it is possible to realize both the inverse 
gamma correction circuit 81 and the light intensity infor- 

40 mation converter circuit 82 by using a single ROM. In 
such case, an inverse gamma confection as well as a 
light intensity information having upper bits weighted in 
arithmetic progression as shown in Rg. 1 are derived 
from the single ROM. Thus, it is possible to reduce the 

45 number of ROM's to a half. 

Although, in the embodiments, the case where the 
plane discharge type AC plasma display is driven by 
providing the scanning period separately from the sus- 
taining period, the present invention is effectively uti- 

50 iized similariy in a flat type display device such as AC 
type plasma display panel of other driving system or 
having other structures of such as orthogonal 3 elec- 
trode type and a DC type plasma display panel, pro- 
vided that they perform gray scale display according to 

55 the sub-field method. 

The light intensity of each sub-field is generally 
determined by the number of the sustaining discharge 
pulses. However, a relation between light intensity and 
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sustaining discharge pulse number is not linear and 
there is a tendency that the higher the light intensity due 
to phenomenon such as light intensity saturation 
requires the larger the number of sustaining pulses. 
Further, since the relation between light intensity and 
sustaining pulse number is different every fluorescent 
material, the numbers of sustaining pulses correspond- 
ing to the same light intensity for red, green and blue are 
not the same. 

When the present invention is applied to the non- 
interiace system, it is enough to replace the sub-field by 
sub-frame. Further, although the weighting in arithmetic 
progression has been described. sut>stantially the same 
effect can be obtained when a light intensity pf a sub- 
field is within a range from a value smaller than two 
times a light intensity of a lower sub^ield adjacent to the 
sub-field to a value exceeding the light intensity of the 
lower sub-field. Therefore, the arithmetic progression 
does not limit the scope of the present invention. 

As described hereinbefore, according to the 
present invention, the change of light intensity by shift- 
up of 1 gray level in displaying gray scale by combina- 
tions of sub-fields merely causes a shift of light emitting 
period to an adjacerrt sub-field. Therefore, the time une- 
venness can be substantially reduced and the contour 
degradation of moving images which occurs in cfisplay- 
ing a moving image having gray scale changing 
smoothly and is the problem of the conventional tech- 
niques can be substantially suppressed, resulting in a 
high image quality gray scale display method and a gray 
scale di^lay device. 

Further, comparing with the conventional gray scale 
display method using sub-fields whose highest light 
intensity is weighrted with binary number, the sub-fields 
according to the present method can be made smaller, 
so that jumping of gray level due to light intensity satura- 
tion is reduced and a display of smooth image can be 
done- 
Claims 

1 . A gray scale display method for displaying gray lev- 
els by combining sub-fields otjtained by dividing 
one field period, characterized by that the sub^ields 
include a plurality of sub-fields satisfying a condi- 
tion that a light intensity of a certain one of the plu- 
rality of said sub-fields is smaller than two times a 
light intensity of a lower sub-field off the plurality of 
said sut>4ields adjacent to said certain sub-field 
and larger than the light intensity of said lower sub- 
field. 
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3. A gray scale display method as claimed in claim 1 . 
wherein said sub-fields include a plurality of svb- 
fields satisfying a corxiition that a light intensity of 
an i-th sub-field in light intensity of the plurality of 
5 said sub-fields is substantially equal to a sum of 
light intensities of (i-1)-th sutnfield and (i-2)-tii sub- 
field in light intensity of the plurality of said sub- 
fields. 

10 4. A gray scale display method as claimed in claim 1 . 
wherein said sub-fields include a plurality of sut)- 
fields satisfying a condition that a sum of a light 
intensity of a (l-l)-th sul>-field in light intensity of tiie 
plurality of said sub-fields and (i-2)-th sub-field in 

15 light intensity of the plurality of said sub-fields e 
next smaller than a sum of light intensities of (i)-lh 
sub-field and (i-3)-th sub-field in light intensity of the 
plurality of said sub-fields. 

20 5. A gray scale display method as claimed in claim 2, 
wherein said drive voltage is applied to display elec- 
trodes of an electric display device. 

6. A gray scale display method as claimed in claim 5. 
25 wherein said electric display device is a fiat type 

display device. 

7. A gray scale display method as claimed in claim 5. 
wherein tiie light intensities of the plurality of said 

30 sut>-fields are arithmetic progression. 

8. A gray scale display method as claimed in claim 1 . 
wherein divided upper sub-fields are arranged on 
both sides of a non-divided upper sub-field. 

35 

9. A gray scale display device for displaying gray lev- 
els by combining sub-fields obtained by dividing 
one field period, characterized by comprising a light 
intensity information convert©* circuit responsive to 

40 a light intensity information of said sub-fields 
weighted with binary numbers for outputting an ligfit 
intensity irrfbrmation setting a light intensity of one 
of said sub-fields in a range smaller than two times 
a light intensity of a lower sut>-fieid adjacent in light 

45 intensity to said certain sut>-field and larger than the 
Gght intensity of said lower sub-field. 

10. A gray scale display device as claimed in daim 9. 
wherein said light intensity information converter 

50 circuit has a function of a gamma correction circuit 



2. A gray scale display method as claimed in claim 1 . 
wherein said sut>-fie!ds include a plurality of sub- 
fields sati^ng a condition that a difference in light ss 
intensity tjetween adjacent two of the plurality of 
said sub-fields in light intensity is sutsstantially a 
constant. 
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